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Abstract 
Background: The carotid intima–media thickness (IMT) measurement may be carried out 
proximally (pIMT) or distally (dIMT) in relation to the bulb of the common carotid artery 
which has significant implications on the results and correlation with risk factors. The aim of 
the study was to compare the pIMT and dIMT in patients with familial hypercholesterolemia 
confirmed by genetic testing (FH group) and patients with severe non-familial 
hypercholesterolemia, with negative results of genetic testing (NFH group) and to determine 
the correlation of results with traditional atherosclerotic risk factors and calcium scores.  
Methods: A total of 86 FH and 50 NFH patients underwent pIMT and dIMT measurements 
of both carotid arteries as well as computed tomography (CT) with coronary and thoracic 
aorta calcium scoring.  
Results: The meanpIMT of both right and left common carotid artery were significantly 
higher in patients with FH compared to the NFH group (meanpRIMT 0.721 ± 0.152 vs. 0.644 
± 0.156, p < 0.01, meanpLIMT 0.758 ± 0.173 vs. 0.670 ± 0.110, p < 0.01). Patient age, pre-
treatment low-density lipoprotein (LDL) cholesterol levels (LDLmax) at baseline and systolic 
blood pressure were independent predictors of pIMT increases in both carotid arteries. 
Smoking history age and LDLmax were independent predictors of dIMT increase. There was 
a significant correlation between the calcium scores of the ascending aorta, coronary artery 
and aortic valve and all IMT parameters. 
Conclusions: The IMT measured proximally was better differentiated between patients with 
familial and non-familial hypercholesterolemia. The association between IMT and traditional 
cardiovascular risk factors varies between measurement sites. IMT values correlate CT 
calcium scores in all patients with hypercholesterolaemia regardless of genetic etiology. 
Key words: atherosclerosis, familial hypercholesterolemia, intima–media thickness, 
calcium scores, multidetector computed tomography 
 
 
 
Introduction 
Familial hypercholesterolemia (FH) is an inherited genetic condition characterized by 
elevated low-density lipoprotein (LDL) levels and an associated increased risk of 
atherosclerosis. The carotid intima–media thickness (IMT) measurement is an established 
method for indirect atherosclerosis risk assessment. The computed tomography (CT)-based 
calcium score measurement is another method which directly indicates the severity of 
atherosclerosis. The IMT is also associated with atherosclerosis-independent processes such 
as intimal hyperplasia. However, all known risk factors for atherosclerosis accelerate its 
thickening. There is a well-established correlation between increased IMT and a higher 
cardiovascular risk of both cerebrovascular and cardiac events [1, 2]. Nevertheless, current 
guidelines on the prevention of cardiovascular diseases do not recommend routine IMT 
measurement [3]. The IMT offers fairly low test repeatability, which is considered its 
significant methodological disadvantage. Furthermore, different researchers use different IMT 
measurement techniques, which makes it difficult to compare their findings [4]. The IMT 
measurement in patients with familial hypercholesterolemia (FH), as a high-risk group, is 
performed in order to determine the long-term effect of cholesterol-lowering treatments. It is 
also used for children and young adults in order to identify particular high-risk patients early 
in life [5–7]. The IMT measurement may be carried out proximally — just below the bulb 
(pIMT) of the common carotid artery (CCA), or slightly lower, distally, in the area where the 
lines demarcating the contour of the intima–media complex run parallel (dIMT). The former 
method has been the predominant approach in many previous studies and clinical trials [8–
10]. However, today, the latter method is more often preferred [11]. The results of the 
measurement performed using both methods in the same group of patients differ significantly 
from each other and correlate with different risk factors [12]. However, it seems that the 
measurement taken just below the bulb, which is the usual location of early atherosclerotic 
plaque, may better reflect the atherosclerotic tendency compared to the distal measurement.  
The aim of this study was to compare the pIMT and dIMT in patients with familial 
hypercholesterolemia confirmed by genetic testing (FH group) and patients with severe non-
familial hypercholesterolemia, with negative results of genetic testing (NFH group) and to 
determine the correlation of results with traditional atherosclerotic risk factors and CT-based 
calcium scores. 
 
Methods 
The study group was selected from 156 consecutive patients with suspected FH, with a 
minimum score of 3 on the Dutch Lipid Clinic Network diagnostic criteria, and a positive 
result of genetic testing for FH. The inclusion and exclusion criteria have been previously 
reported elsewhere [13]. Additionally, 3 patients with known p. (Gly20Arg) gene 
polymorphism, which is currently considered a polymorphic variant likely associated with a 
milder FH phenotype, were not included in the IMT analysis. After the exclusion criteria were 
applied, 86 patients with FH were enrolled (35 male [M], 51 female [F], mean age 49.8 ± 
11.6). The control group consisted of 50 patients (23 M, 27 F, mean age 51.5 ± 9.9) diagnosed 
with severe hypercholesterolemia around the same period and with a negative genetic test 
result. No participant had a history of previous cardiovascular episodes. All patients had an 
ultrasound scan of both carotid arteries and IMT measurements were performed. The IMT 
was measured proximally and distally along the carotid artery, with each measurement 
covering a 1 cm-long segment [12]. All scans were taken using a GE Vivid E9 ultrasound 
scanner and 4.5–12 MHz linear probe (GE 11L). The scanning depth was optimised at 3–5 
cm. All scans were digitally recorded alongside the electrocardiogram (ECG) reading. The 
semi-automatic measurement was taken along the 1 cm distal wall segment at the peak of the 
ECG R-wave using an EchoPAC Clinical Workstation (GE) with dedicated software. The 
first measurement was taken where the common carotid artery begins to widen, forming a 
bulb (pIMT). The second measurement was taken where the lines demarcating the inner and 
outer contour of the IMT complex begin to run parallel (dIMT, Fig. 1). The mean IMT 
(meanIMT) for a given segment and the maximum value for the left and right carotid artery 
(maxIMT) were then computed. All measurements were performed twice and then averaged. 
In order to estimate the repeatability of IMT measurements, intra- and interobserver 
variability analysis was also performed on 50 patients from the NFH group, with 
measurements taken independently by an experienced cardiologist and radiologist. All 
participants also underwent an ECG-gated cardiac CT with calcium score assessment of 
coronary arteries, aortic valve and aorta in line with the method previously reported elsewhere 
[13, 14]. The study protocol was approved by the local ethics committee. 
 
Statistical analysis 
The IMT results were presented graphically including mean and standard deviations. 
The normality of distribution assumption was assessed using the Kolmogorov-Smirnov test. 
The differences between means were assessed using the student T-test or Mann-Whitney U-
test for normally and non-normally distributed variables, respectively. The correlations 
between the IMT and aortic calcium scores were determined using the Spearman rank 
correlation coefficient. The associations between IMT and traditional cardiovascular risk 
factors were determined using the multiple linear regression model. All analyses were carried 
out using SPSS Statistics software. The results were considered significant for p < 0.05. 
 
Results 
The detailed clinical and genetic characteristics of the study group have been 
previously reported elsewhere [13]. No statistical differences in age, body mass index (BMI), 
blood pressure, history of diabetes (3% vs. 10%), smoking (33% vs. 42%) and pretreatment 
high-density lipoprotein cholesterol (HDLmax) or triglycerides levels (TG) between the FH 
and NFH groups were found. The FH group however had higher pretreatment total cholesterol 
(TCmax, 9.4 ± 2.2 vs. 8.1 ± 1.5, p < 0.001) and low-density lipoprotein cholesterol levels 
(LDLmax, 7.1 ± 1.7 vs. 5.1 ± 1.1, p < 0.001). The percentage of patients on statin treatment 
during inclusion to the study also did not significantly differ between the groups (53.4% vs. 
40%). Figure 2 presents the dIMT and pIMT measurement results. The meanpIMT of both 
right and left CCA were significantly higher in patients with FH compared to the NFH group. 
The maxpIMT, meandIMT, and maxdIMT values were higher in the FH group, although the 
differences were not significant. The results of multiple linear regression including the IMT 
parameters and traditional cardiovascular risk factors are shown in Tables 1 and 2. The 
analysis included the risk factors which did not correlate significantly with each other and 
correlated with the IMT parameters in a univariate linear regression model. The results of the 
analysis were presented separately for the right and left carotid artery. Age, pre-treatment 
cholesterol levels (LDLmax) and systolic blood pressure (SBP) were independent predictors 
of mean pIMT increase in both carotid arteries. Maximum pIMT values did not correlate 
significantly with traditional risk factors, except for age. Smoking history, except for the 
meandLIMT, age and LDLmax were independent predictors of mean and maximum dIMT 
increase in both carotid arteries. There was no significant correlation between the IMT 
parameters and diastolic blood pressure, HDLmax and TGmax levels.  
The correlations between the IMT parameters and the calcium scores of the aortic 
valve (AVCS), ascending aorta (TCSasc), descending aorta (TCSdsc) and coronary arteries 
(CCS) were also evaluated. The results are shown in Table 3. Although it was not high, there 
was a significant correlation between the calcium scores of the ascending aorta, coronary 
artery and aortic valve and all IMT parameters. There was a significant correlation between 
the calcium score of the descending aorta and most IMT parameters, except for the 
maxpRIMT and meandLIMT. The strongest correlation was shown between the calcium 
scores and the meanpIMT of both carotid arteries. On the other hand, there was a higher 
correlation between the IMT parameters and the calcium scores of the coronary arteries and 
ascending aorta, but lower correlation between the IMT and the calcium score of the 
descending aorta.  
In order to estimate the repeatability of IMT measurements, intra- and interobserver 
variability analysis was also performed on 50 patients from the NFH group. The results are 
shown in Table 4. There was a high intra- and interobserver agreement for all analyzed 
variables, and were higher for the meanIMT than the maxIMT. 
 
Discussion 
A host of studies discuss IMT measurements of patients with hypercholesterolemia. 
The present study focused on two aspects of IMT measurement, which to date have been 
rarely discussed. The effect of the measurement site on the IMT values in patients with 
familial and non-familial severe hypercholesterolemia was assessed. The average values of 
distal IMT measurements obtained in both subgroups in the current study exceeds the 75th 
percentile of the normal range as defined in the literature [15]. This corresponds to an 
increased cardiovascular risk, even though enrolled participants had  no history of previous 
cardiovascular incidents. Furthermore, half of the participants (49.6%) had been treated with 
statins prior to enrolment. Naturally, statin treatment affected the IMT results. However, the 
percentage of patients on statins in both groups was comparable. 
The meanpIMT values in both carotid arteries were significantly higher in the FH than 
in the NFH group. Although the values of the remaining IMT parameters were higher in the 
FH group, the between-group differences were not significant. The TCmax and LDLmax 
levels were also higher in the FH group, which explains the differences in the meanpIMT. 
However, the difference in the dIMT was not significant and can be explained by the fact that 
dispersion of the meandIMT values were lower than those of the meanpIMT values. As a 
result, it is more difficult to demonstrate measurement site-related differences between two 
groups of the same size. It should also be noted that as a result of statin treatment 
administered to some participants, the total cholesterol year score, which reflects the lifetime 
cumulative total cholesterol, was only slightly (and borderline significantly) higher in the FH 
group [13]. In patients with hypercholesterolemia from both FH and NFH groups, IMT 
measured proximally to the bulb (pIMT) was higher than IMT measured distally from the 
bulb (dIMT). Furthermore, pIMT differed significantly between FH and NFH groups. 
Willekes et al. [16] also found that IMT increases as the distance shortens between the 
measurement site and the bulb. Studies of cadavers have shown that atherosclerotic plaque in 
the bulb precedes the onset of atherosclerotic plaque in the common carotid arteries by about 
three decades [12]. This can be partly explained by the weaker shear stress near the bulb [17], 
which facilitates lipid penetration into the vascular endothelium [18]. Thus, pIMT is likely to 
reflect early stages of atherosclerosis earlier than dIMT in patients with hypercholesterolemia. 
The present findings of higher IMT in the left carotid artery compared to the right carotid 
artery has been previously described in several studies [19]. 
In the current analysis, in most cases, there was a significant correlation between IMT 
parameters and calcium scores, with higher coefficients seen for pIMT than dIMT. This 
association between IMT and coronary calcium scores has been previously reported in studies 
carried out in different populations. Arar et al. [20] found a correlation between IMT, 
coronary calcium scores and the presence of the most hemodynamically significant coronary 
angiography-confirmed lesion in patients aged 50–75 with coronary artery disease. Davis et 
al. [24] also found a strong correlation between IMT and coronary calcium scores in an 
asymptomatic group of 182 men and 136 women aged 33–42 years, after adjustment for sex 
and age. Cohen et al. [21] demonstrated a similar correlation in their sample of 150 patients. 
In their study, CT calcium scoring and IMT thickness measurement were carried out in 61% 
of study participants either as a part of cardiovascular prevention or in order to determine the 
severity of their atherosclerosis. Interestingly, unlike the present study, the highest correlation 
was found between the calcium scores and the maximum rather than mean IMT. However, 
their IMT calculation was based on the IMT values measured in the CCA, the bulb and 
internal carotid artery. In the current study, a significant, but not high, correlation between 
IMT and calcium scores of not only the coronary arteries but also the aortic valve and the 
ascending aorta was found. Additionally, there was a significant correlation between the 
majority of the calculated IMT parameters and descending aorta calcium score, although the 
correlation coefficient was the lowest. This finding is in line with the Framingham offspring 
study by Kathiresan et al. [22], who found low correlations between the presence of 
atherosclerotic plaque in the carotid and coronary arteries, and the aorta. Some authors 
emphasize that IMT and calcium scores represent different stages of vascular wall 
degeneration. Furthermore, the presence of calcifications, especially in older aged patients, 
may not closely correlate with traditional risk factors, such as cholesterol levels, hypertension, 
diabetes, obesity or history of smoking, whereas these correlations are shown for IMT. 
Therefore, IMT measurement is believed to be a more sensitive indicator of early 
atherosclerotic changes [23] whilst calcium scores reflect locally advanced atherosclerosis 
[24]. 
Also under analysis herein, was the correlation between traditional risk factors and 
IMT parameters measured proximally and distally from the carotid artery bulb. Multiple 
linear regression analysis showed that age, SPB and LDLmax were independent predictors of 
the mean IMT increase for measurements taken proximally to the bulb, whereas age was the 
only independent predictor of the maximum pIMT. It has been emphasized that the maximum 
IMT, being less repeatable than the mean IMT, may reflect more advanced atherosclerotic 
stages with focal thickening of plaque or represent a sampling error [11]. When measured 
distally from the bulb, the mean and maximum IMT were similarly predicted by the same 
independent traditional factors, including age, LDLmax, and smoking history. The similarities 
between both distal IMT (meandIMT and maxdIMT) parameters can be explained by the fact 
that these are measured along an even, parallel segment of the carotid artery, therefore both 
measurements would not differ significantly, unlike meanpIMT and maxpIMT which were 
measured along an uneven carotid artery segment, which makes measurements significantly 
discrepant. Age and LDLmax were independent predictors for all meanIMT parameters. The 
SBP predicted a higher meanpIMT in the present study, whereas positive smoking history 
predicted a higher value of most distal IMT measurements. The literature data evaluating the 
effect of IMT measurement site on its correlation with traditional risk factors for 
atherosclerosis is significantly limited. Polak et al. [12] measured IMT in randomly chosen 
Caucasian individuals from the MESA study population and found distal IMT to be lower, but 
correlated better with cardiovascular risk factors than proximal IMT. In another study, the 
same authors assessed the IMT measurement site as a predictor of coronary artery disease 
(CAD) and its effect on the correlation with traditional risk factors [25]. Measurements were 
taken in 279 randomly chosen Caucasian individuals without a history of previous 
cardiovascular incidents from the MESA study population. The dIMT better predicted CAD 
than pIMT. However, diagnosis was only made in 11 patients during the study and therefore, 
the robustness of the analysis was significantly affected by the low CAD incidence.  
 
Limitations of the study 
Although an increased IMT is generally considered to reflect early atherosclerotic 
changes, this consideration may not always be true. The IMT is also a measure of smooth 
muscle hypertrophy reflecting normal aging and the differentiation of those two processes is 
limited. The main limitation of this single-center study is the relatively small number of 
patients. Small numbers might have overfitted the multivariable analysis. Nevertheless, the 
present analysis met all necessary requirements of multivariate logistic regression. Moreover, 
many of patients with severe hypercholesterolemia enrolled in the study were treated over a 
long period with statins which could have affected the natural history of IMT increase. 
 
Conclusions 
The IMT measured at the carotid artery bulb is higher than the IMT value measured 
further from the bulb and better differentiates between patients with FH and NFH. The 
association between IMT and traditional cardiovascular risk factors varies between 
measurement sites, which additionally indicates differences in the mechanism of IMT 
increase depending on the distance from the bulb. The IMT values correlated with coronary, 
aortic valve and aortic calcium scores in all patients with hypercholesterolemia regardless of 
genetic etiology. 
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Table 1. Results of multivariate regression analysis of the right carotid artery intima–media 
thickness (IMT) with selected traditional risk factors. 
 meanpRIMT maxpRIMT meandRIMT maxdRIMT 
R2 model 0.245 
P < 0.001 
0.175 
P < 0.01 
0.306 
P <0 .001 
0.276 
P < 0.001 
Variable Coeff. P Coeff. P Coeff. P Coeff. P 
Age 0.004 < 0.001 0.005 < 0.01 0.004 < 0.001 0.004 < 0.001 
Sex 0.024 ns 0.025 ns 0.025 ns 0.030 ns 
SBP 0.002 < 0.05 0.0003 ns 0.001 ns 0.001 ns 
LDLmax 0.001 < 0.01 0.001 0.07 0.0004 < 0.01 0.0004 < 0.05 
BMI 0.001 ns 0.09 0.07 0.005 0.08 0.005 0.09 
Smoking 0.04 ns 0.07 0.07 0.046 < 0.05 0.062 0.01 
SBP — systolic blood pressure; LDLmax — maximum value of low-density lipoprotein cholesterol (before 
treatment); BMI — body mass index; RIMT — right carotid artery IMT; LIMT — left carotid artery IMT; 
meanpIMT — mean proximal IMT, maxpIMT — maximum proximal IMT; meandIMT — mean distal IMT; 
maxdIMT — maximum distal IMT 
 
 
 
Table 2. Results of multivariate regression analysis including the left carotid artery intima–
media thickness (IMT) and selected traditional risk factors. 
 meanpLIMT maxpLIMT meandLIMT maxdLIMT 
R2 model 0.19 
P < 0.01 
0.07 
NS 
0.25 
P < 0.001 
0.255 
P < 0.001 
Variable Coeff. p Coeff. p Coeff. p Coeff. p 
Age 0.003 < 0.05 0.003 NS 0.004 < 0.001 0.004 < 0.01 
Sex 0.011 ns 0.048 NS 0.041 NS 0.037 NS 
SBP 0.002 < 0.05 0.0004 NS 0.001 NS 0.002 0.07 
LDLmax 0.001 < 0.05 0.0004 NS 0.001 < 0.01 0.001 < 0.05 
BMI 0.002 NS –
0.0001 
NS 0.005 NS 0.003 NS 
Smoking 0.047 NS 0.041 NS 0.026 NS 0.058 < 0.05 
SBP — systolic blood pressure; LDLmax — maximum value of low-density lipoprotein cholesterol (before 
treatment); BMI — body mass index; RIMT — right carotid artery IMT; LIMT — left carotid artery IMT; 
meanpIMT — mean proximal IMT, maxpIMT — maximum proximal IMT; meandIMT — mean distal IMT; 
maxdIMT — maximum distal IMT 
 
 
 
Table 3. Correlation between intima–media thickness (IMT) and calcium scores (Spearman’s 
rank correlation coefficient). 
 CCS TCSasc TCSdsc AVCS 
meanpRIMT 0.42** 0.38** 0.28** 0.29** 
maxpRIMT 0.19* 0.27** 0.17 0.24** 
meandRIMT 038** 0.32** 0.28** 0.26** 
maxdRIMT 0.36** 0.30** 0.27** 0.23** 
meanpLIMT 0.35 0.39** 0.28** 0.30** 
maxpLIMT 0.21* 0.36** 0.21* 0.22* 
meandLIMT 0.29** 0.38 0.13 0.30** 
maxdLIMT 0.33** 0.34 0.19* 0.21* 
*p < 0.05, **p < 0.01; CCS — coronary calcium score; TCasc — ascending aorta calcium score; TCdsc — 
descending aorta calcium score; AVCS — aortic valve calcium score; RIMT — right carotid artery IMT; LIMT 
— left carotid artery IMT; meanpIMT — mean proximal IMT; maxpIMT — maximum proximal IMT; meandIMT 
— mean distal IMT; maxdIMT — maximum distal IMT 
 
 
Table 4. Intraobserver and interobserver variability (defined by intra-class coefficient). 
 
Intraobserver 
variability 
Interobserver 
variability 
P 
meanpIMT 96.2 92.9 < 0.001 
maxpIMT 94.8 90.8 < 0.001 
meandIMT 94.9 91.9 < 0.001 
maxdIMT 93 87.1 < 0.001 
IMT — intima–media thickness; meanpIMT — mean proximal IMT; maxpIMT — maximum proximal IMT; 
meandIMT — mean distal IMT; maxdIMT — maximum distal IMT 
 
 
 
 
Figure 1. Principles of proximal (pIMT) and distal (dIMT) intima–media thickness 
measurements. Location determined relative to the common carotid artery (CCA) bulb; BCA 
— bulb of the carotid artery. 
 
 
 
Figure 2. The intima media thickness of the left and right carotid arteries measured near the 
bulb (pIMT) and below the bulb (dIMT) in the familial hypercholesterolemia (FH) and non-
familial hypercholesterolemia (NFH) groups 
*p < 0.01, there were no significant differences in remaining subgroups; IMT — intima–
media thickness; RIMT — right carotid artery IMT, LIMT — left carotid artery IMT; 
meanpIMT — mean proximal IMT; maxpIMT — maximum proximal IMT, meandIMT — 
mean distal IMT, maxdIMT — maximum distal IMT; pIMT — proximal IMT; dIMT — 
distal IMT. 
 


